In this article, we speculate on the possible mechanisms for Li enhancement origin in RGB stars based on a large data set of around 340,299 stars collected from the GALAH survey combined with the Gaia astrometry. Data has 51,982 low mass (M≤ 2M ) RGB stars with reliable atmospheric parameters. The data set shows a well populated RGB with well-defined luminosity bump and red clump with significant number of stars at each of these two key phases. We found 335 new Li-rich RGB stars with Li abundance, A(Li) ≥ 1.80 ± 0.14 dex, of which 20 are super Li-rich with A(Li) ≥ 3.20 dex. Most of them appear to be in the red clump region which, when combined with stellar evolutionary timescales on RGB, indicates that the Li enhancement origin may lie at RGB tip during He-flash rather than by external source of merging of substellar objects or during luminosity bump evolution. Kinematic properties of sample stars suggest that Li-rich giants are relatively more prevalent among giants of thin disk compared to thick disk and halo.
INTRODUCTION
Measured abundance of A(Li) = 3.32 dex in young stars and interstellar medium (ISM) suggest that Li enriched significantly in the Galaxy from primordial value of A(Li) = 2.72 dex, a value predicted from the big bang nucleosynthesis (BBN) models based on the results from WMAP (Cyburt et al. 2008) . One of the known sources for Li enrichment, apart from cosmic ray spallation (Mitler 1972) , an interaction of high energy cosmic ray particles with carbon and oxygen atoms, and novae explosions (Tajitsu et al. 2015; Izzo et al. 2015) , is nucleosynethsis in evolved stars. Though, stars, in general, are considered as Li sinks, highly evolved stars such as asymptotic giant branch (AGB) stars are known to produce fresh Li (Smith & Lambert 1989 ) via Cameron-Fowler mechanism (Cameron & Fowler 1971) which add to the Li enrichment of the Galaxy through mass loss. It is understood Li production in AGB happens only in relatively massive stars of M ≥ 3 M through a process known as hot bottom burning (Mowlavi 1995; Lattanzio et al. 1996) . However, the discovery of high Li abundance in relatively less evolved low mass red giant branch (RGB) stars was unexpected (Wallerstein & Sneden 1982) . Since then, observational studies revealed more Li-rich giants, and systematic surveys suggest Li-rich giants are rare, < 1% (e.g., E-mail: Deepak@iiap.res.in Brown et al. 1989; Charbonnel & Balachandran 2000; Kumar et al. 2011) . There are close to 200 Li-rich RGB stars (Casey et al. 2016 ) known so far with Li ≥ 1.5 dex, an upper limit commonly used in the literature and attributed to the standard models of 1st-dredge-up on RGB (Iben 1967) . In some cases, Li abundance was found to be more than the star's initial abundance of A(Li) = 3.2 dex, which are known as super Li-rich giants (e.g., Kumar et al. 2011; Yan et al. 2018) . In fact, observations in general, show much less Li than the expected limit (Fields 2011) and are attributed to extra-mixing process, post 1st dredge-up, during luminosity bump evolution (Deliyannis 1990 ), which is not part of the standard models. Thus, Li enhancement in RGB giants is a puzzle and it's origin is being debated since a few decades.
There are two main hypotheses proposed for high Li in RGB stars: addition of Li rich material through merger of sub-stellar objects or internal nucleosynthesis and mixingup of fresh Li with photosphere. There is no consensus on any of these two hypotheses. If the mechanism is in-situ nucleosynthesis as suggested by a few studies (Cameron & Fowler 1971; Mowlavi 1995; Lattanzio et al. 1996) , RGB stars should be counted for Li enrichment in the Galaxy. On the other hand, if the enhancement is due to an external origin, we are simply observing the locked-up Li in sub-stellar objects. Thus, understanding the mechanism of Li enhancement in RGB may not only provide clues to our understanding of RGB nuleosynethesis, but to the larger issue of Li enrichment in the Galaxy.
The clue probably lies in finding the evolutionary phase of Li-rich giants on RGB. Evolutionary phase may be determined either by using star's position in the HR diagram or using asteroseismology (Bedding et al. 2011; Vrard et al. 2016) or secondary calibrations based on asteroseismology (Ting et al. 2018 ). Most of the currently known Li-rich giants have been classified based on their positions in the HR diagram. Due to small separation in values of luminosity and T eff between different phases on RGB, in particular between the red clump and the luminosity bump, there are conflicting reports in the literature about the true evolutionary phase of Li-rich giants on RGB. With regards to asteroseismic analysis which has been proved to be a gold standard to separate He-core burning giants (red clump) from those of H-core burning giants ascending RGB for the fist time. Asteroseismic data is mostly based on either Kepler or CoRoT missions. Unfortunately data is not available for all the stars as these observations are made for specific sky fields. Presently, evolutionary phase is accurately known, based on Kepler asteroseismic data and CoRoT asteroseismic data, only for half a dozen Li-rich stars (Silva Aguirre et al. 2014; Jofré et al. 2015; Bharat Kumar et al. 2018; Singh et al. 2019; Smiljanic et al. 2018) . Interestingly, all of them are red clump stars with He-core burning except the star studied by Jofré et al. (2015) which is on RGB with H-core burning phase whose Li-rich giant status is discussed later in the discussion section. None of the previously known Li-rich giants are in the Kepler field.
This necessitates to explore alternate ways to find the evolutionary phase of Li-rich giants. One of the ways is to undertake large scale survey for Li-rich giants in globular clusters which have well defined RGB with visible luminosity bump and red clump with significant number of stars. However, getting a reasonable resolution spectra for a large number of fainter stars in globular clusters even with 10-m class telescopes is difficult and time consuming. Another way is to employ a large data set of giants with measured Li abundance and accurate astrometry.
Fortunately, while analyzing large data sets from the Gaia and the GALAH spectroscopic surveys to understand elemental abundance patterns in the Galaxy, we noticed a strikingly well populated red clump and RGB in the HR diagram of L-T eff of the GALAH stars. This could, potentially, be used to find clues to Li enhancement origin in RGB stars if we search for Li enhanced giants along the RGB. Combining the Gaia astrometry and the GALAH Li abundances, we provide an evidence that most of the Li-rich stars belong to the red clump with implications for Li enhancement origin scenarios.
STELLAR SAMPLE
The Galactic Archeology with HERMES (GALAH) spectrograph is a large scale spectroscopic survey of spectral resolution of R (=∆λ/λ ) ≈ 28,000 with spectrograph attached to 4-m Anglo-Australian Telescope (AAT). In the GALAH DR2 (GALAH Data Release 2), the GALAH team has provided quantitatively derived abundances of about 23 elements including the light element Li, which is the focus of this article, for a sample of 342,682 stars (see Buder et al. 2018 ). The sample is searched for corresponding astrometric and photometric data from the Gaia Data Release 2 (hereafter the Gaia DR2) of 1.7 billion stars. Source matching is done using the Gaia DR2 source identifier provided in the GALAH DR2 data set (see Buder et al. 2018; Gaia Collaboration et al. 2018) . This resulted in a sample of 340,299 common stars among the two data sets. Further, we culled out stars for which σ Teff GALAH ≥ 100 k, parallax (π) is negative and fractional error in parallax, σ π /π ≥ 0.15 yielding a total sample of 246,390 stars.
The GALAH also provides an index of Flag Cannon against each star which indicates accuracy or level of confidence in derived stellar parameters. Flag Cannon index range from 0 to 128, with 0 being the most reliable, and other numbers indicating issues such as binary companion, fitting accuracies, S/N ratio, etc. (for more details see Buder et al. 2018) . We restricted our sample to stars with reliable stellar parameters by culling out all the stars with nonzero value of Flag cannon . This yielded a total of 204,370 stars.
In addition, to avoid stars of higher masses of early AGB and stars evolved from hotter spectral types from main sequence, as some of them are found to be having higher Li abundances due to inefficient mixing, we have restricted our sample to low mass RGB stars of M ≤ 2M , which are expected to evolve through both luminosity bump and He-flash Cassisi et al. 2016) . Masses have been estimated using the formula,
, where we used logg = 4.44 dex and Teff = 5772 K for solar values. Values of effective temperature, Teff GALAH , and logarithmic surface gravity, logg, are adopted from the GALAH catalog (Buder et al. 2018) and the values of luminosities are based on parallaxes and apparent magnitudes taken from the Gaia catalogue. We used bolometric correction based on Teff GALAH and relation given in Andrae et al. (2018) . Values of luminosities given in the Gaia and those derived in this study using Teff GALAH agrees well with each other. The difference between the two values is quite small with σ ≈ 0.02 dex. Uncertainties in the derived luminosity values due to errors in parallax and Teff GALAH are also estimated and are found to be quite small, typically σ L/L ≤ 0.05 dex for most of the stars. With this, we have a final sample of 188,679 low mass stars.
ANALYSIS

Sample stars in L -T eff plane
Sample data plotted in the HR-diagram of Luminosity versus effective temperature ( Figure-1 ) shows stellar evolution with well defined main sequence and red giant branch. Since our interest lies in the Li enhancement during RGB evolution, RGB has been separated from the data set as defined by a box with dash-line in Figure- two clusters are defined in L -T eff plane by (1.5, 1.9; 4650, 5200) for red clump and (1.3, 1.5; 4500, 5000) for the luminosity bump. The concentrations at these two phases are direct consequences of their relatively longer evolutionary timescales compared to any other place on RGB. The well defined stellar concentrations could be used to decipher the origin of Li excess by searching for Li-rich giants among the well defined RGB, luminosity bump and red clump.
Li abundances of sample stars
The GALAH DR2 provides Li abundances in the form of [Li/Fe] (Li) , where A(Li) is the solar Li abundance. We adopted A(Li) = 1.05 ± 0.10 dex, which is the same one used for the GALAH data (see Buder et al. 2018) . The corresponding error is σ A(Li) = (σ 2
+ 0.10 2 ) 1/2 . Level of confidence in measured lithium abundances of the sample has been encoded in the form of lithium abundance flag, Flag [Li/Fe] , against each star. Flag Abundance index ranges from 0 to 9, with 0 being the most reliable, flag one is raised when line strength is below 2σ, flag two is raised when cannon fitting started extrapolating, flag three is when both flag one and two are raised, flag four is when χ 2 of best fitting model spectrum is very high or low, flag eight is raised when Flag cannon is not zero, and the remaining flags are combinations of these flags (see Buder et al. 2018 , for more details). On checking, we found that all the stars with relatively higher value of Li, for example A(Li) ≥ 1.6 dex, has Flag [Li/Fe] ≤ 3, while for some of the Li-low stars Flag [Li/Fe] ≥ 3. Higher Flag [Li/Fe] value for Li-low stars is expected as Li absorption line in those stars is weaker. We consider all RGB stars for which Li abundance is measured by the GALAH as this would enable us to comment on the relative fraction of Li-rich giants among RGB stars and evolution of Li itself along the RGB. 
RESULTS
Li-rich giants on RGB
Standard models of stellar evolution (Iben 1967 ) predict dilution of Li in RGB stars by a factor of 30 to 60 from its main sequence value. Models, however, do not prescribe the value of initial Li abundance on main sequence which is a function of age, mass, metallicity, and its pre-main sequence evolution (Lambert & Reddy 2004 ). If we assume RGB stars evolved off the main sequence with initial value of A(Li) = 3.32 dex, according to the standard models, one would expect A(Li) ≈ 1.5 to 1.8 dex for RGB giants in the mass range of 1 to 1.5 M , lower the mass, lesser is the dilution factor. However, in the literature, commonly a single upper limit of A(Li) = 1.5 dex is used for Li-normal giants, and giants with A(Li) higher than this are considered as Li-rich. But for the question "What is a Li-rich giant?", answer seems to be not a single limit, but probably multiple limits depending on mass and metallicity. Also, see Smiljanic et al. (2016) and Aguilera-Gómez et al. (2016) who discussed lower limit for Li-rich giants in connection with two giants (Trumpler 20 MG 340 and 591) with A(Li) ∼ 1.6 dex which is at the border line for qualifying them as Li-rich giants. Here, we use Li trends with metallicity to define Li abundance limits on RGB.
In a plot of A (Li) Though it is interesting in the context of Li evolution in the early Galaxy, for the present study we concentrate on Li-rich giants among RGB. It is also interesting to note that there are no Li-rich giants among giants with [Fe/H] ≤ −0.7 dex. However, on our loosely defined metal-rich side, the Li abundance upper limit for Li-normal stars seems to be slightly higher with a range of A(Li) ≈ 1.6 -1.8 dex than the commonly used upper limit of A(Li) = 1.5 dex for Li-normal giants.
For the current study, we adopt a single limit of A(Li) = 1.8 dex, instead of using two upper limits, as most of the Lirich giants in the sample are in the higher metallicity group (i.e [Fe/H] > −0.6 dex) as shown in Figure- 2. This is also the same upper limit set by standard models for low mass (1M ) Li-normal giants. In addition, given the relatively larger uncertainties (≈ ±0.14) involved in the derivation of Li abundances from the spectra, adoption of a slightly higher limit to avoid contamination with Li-normal giants is justified. With this definition, we found 335 giants with A(Li) ≥ 1.8 dex. 1 This is about 0.64% of total RGB giants considered in this study and confirms the previous survey results (Brown et al. 1989; Kumar et al. 2011; Kirby et al. 2012 ) that Li-rich giants are a rare group.
Stellar Evolutionary Phase of Li-rich Giants
Determination of stellar evolutionary phase of Li-rich giants is the key motivating factor of this study and has been elusive for a long time due to lack of large data set with Li abundances coupled with accurate astrometry. The current larger data set of the GALAH Li abundances and the Gaia astrometry is ideally suited for this purpose. In Figure-3 , the selected sample of 51,982 giants for which Li abundances have been measured and have accurate T eff and luminosity have been shown. Clump stars are concentrated within the luminosity range of log(L/L ) = 1.5 -1.9 (blue rectabgle box). Bump stars appear to be slightly at a lower luminosity below the much larger group of clump stars. To demonstrate that RGB, bump and clump regions are well identified in the data ( Figure- MIST/index.html and for details see Paxton et al. (2011) . The solar like model is used as the mass and metallicity distribution of the current data set peaks at about 1M and [Fe/H] = 0.0 dex. However, the theoretical track is systematically cooler by about 150 K (Figure-3a, broken line) . If the track is shifted by 150 K towards the hotter side, it coincides well with the observed locations of the bump and clump stars, and runs through the middle of RGB. Note, the theoretical models, due to differences in input assumptions, disagree by more than 100 K in T eff among themselves and in some cases with observations (Salaris et al. 2002) .
To test the occurrence of Li rich giants on RGB, we have shown in Figure-3b , a plot of Luminosity versus A (Li) . It is known that Li abundance is a function of T eff in which A (Li) , in general, decreases with decreasing T eff . As a result, the plot of log(L/L ) versus A(Li) (Figure-3b ) mimics the HR diagram of log(L/L ) verses Teff GALAH . Most of the giants follow this general rule and show, on an average, a decreasing Li trend as they ascend RGB towards the tip. Contrary to this general rule, however, a small group of giants show enhanced Li abundance, in particular, at a region which coincides with red clump, post He-flash. There are also Li-rich giants below and above the red clump luminosity range as indicated in Figure-3a . Interestingly, Li-rich giants with log(L/L ) ≤1.5 are far less compared to those at the clump. Giants above the clump luminosity are probably early AGB stars about which we comment further in section 5.
It appears from Figure-3 that most of the Li-rich giants are concentrated at the red clump. Out of the total 335 Li-rich giants, as mentioned above, there are 253 that seem to fall in the red clump luminosity range of L/L = 1.5 − 1.9 dex (see Figure-3a ). Bump with relatively lesser number of Li-rich giants (24), appears to be just below and rightwards of the clump, falls in the luminosity range of L/L ≈ 1.3 − 1.5 dex. Given the small difference between the luminosities of red clump and RGB bump, about 0.3 dex (the difference between the mid values), and the typical errors in luminosities, about 0.05 dex (maximum 0.1 dex), we can not rule out the possibility of small overlap of giants among bump and clump. There are also a few Li-rich ¡500 ¡400 ¡300 ¡200 ¡100 giants that are below the bump luminosity about which we comment later.
Li-rich Giants in the Galaxy
To understand the distribution of Li-rich giants among different stellar components of the Galaxy, we have computed membership probability, based on the recipe given in Reddy et al. (2006) and references therein, for each of the stars in the selected RGB sample for belonging to one of the three main components of the Galaxy, namely; thin disk, thick disk and halo. For this, the heliocentric velocities (U,V,W) for each of the sample giant is calculated using the Gaia astrometry (positions, parallax, and proper motions) and radial velocities (RV) from the GALAH DR2. The heliocentric velocities are corrected for the solar motion using Dehnen & Binney (1998) (2006) . Further to quantify the number of giants belonging to different components of the Galaxy, we used probability of 70% or more for any star being considered as a member of particular component. We found 223 Li-rich thin disk stars, which is about 0.8% of total thin disk RGB stars with P thin ≥ 70% and 69 Li-rich thick disk stars consisting of 0.5% of total thick disk RGB stars with P thick ≥ 70%. We have found just 3 Li-rich giants among 1442 halo giants with P halo ≥ 70%. This shows that Li-rich giants are rare (< 1%) across stellar components but are relatively more prevalent among metal-rich thin disk component compared to thick disk and very metal poor halo.
DISCUSSION
Surveys based on large pre-selected low mass RGB stars such as Kumar et al. (2011) and Smiljanic et al. (2018) using data from Hipparcos and Gaia catalogue respectively, suggested that Li-rich giants occupy a luminosity range in the HR diagram overlapping the luminosity of RC and RGB bump regions. This led to suggestions of internal nucleosynthesis as both the regions are associated with key phases of stellar evolution: removal of H-profile discontinuity and He-flash, respectively. There are observational reports suggesting existence of Li-rich stars before and after the luminosity bump on RGB, which indicates that Li-rich giants may occur anywhere on RGB, implying external origin for Li excess such as engulfment of sub-stellar objects. Now the question is whether the Li-rich giants happen anywhere along RGB or at a particular phase on RGB. Answer to this is a key to understand the origin of excess Li in RGB stars.
Thanks to the Kepler and CoRoT missions which provided wealth of time resolved photometric data for stars in certain fields of the sky. Using asteroseismic analysis, one can distinguish RGB giants of H-core burning from those of red clump giants of He-core burning (Bedding et al. 2011) . Recently, half a dozen Li-rich giants which are in the Kepler fields haven been reported by different studies (Silva Aguirre et al. 2014; Bharat Kumar et al. 2018; Singh et al. 2019; Smiljanic et al. 2018 ). All of them have been classified as red clump stars with He-core burning based on asteroseismic data analysis with seismic parameters; average period spacing between g-and p-modes, ∆p ≥ 150 and frequency separation, ∆ν ≤ 5. There is also a lone Li-rich giant (KIC 9821622) which is in Kepler field and has been classified as RGB star with H-core burning (Jofré et al. 2015) . Values of luminosity and T eff suggest its location below the luminosity bump on RGB. Though the star is a bona fide RGB, given its reported large difference in derived Li abundance between the stronger resonance line at 6707Å (A(Li) LTE = 1.49 dex; A(Li) NLTE = 1.65 dex) and weaker sub-ordinate line at 6103Å (A(Li) LTE = 1.80 dex; A(Li) NLTE = 1.94 dex), its status being Li-rich giant needs further studies. Also, star's average Li abundance of (A(Li) = 1.80 ± 0.2 dex for a star with [Fe/H] = −0.49 ± 0.03 dex) is at the border of the limit for Li-normal giants. However, in the absence of Kepler data for most of the known Li-rich stars and lack of systematic surveys for Li-rich giants among asteroseismically known RGB and RC stars, one cannot affirm that Li-rich stars belong only to RC region based on a small number of Li-rich stars randomly discovered. Large data set assembled here is quite suitable to find likely occurrence of Li-rich giants on different locations on RGB and possible origin mechanisms: external versus in-situ scenarios. 
External versus in-situ Li enrichment
We examine external scenario of a planet or sub-stellar material accretion for excess Li in RGB stars. If this scenario has to hold, one would expect Li-rich giants across RGB with relatively higher concentration both at luminosity bump and red clump as their evolutionary timescales are relatively longer. In Table- Paxton et al. (2011) for more details. Evolutionary period for giants between base of RGB and tip of RGB is about 6 times more than that of evolutionary period of giants at the clumps which is about 110 Myrs. This means one should expect a number of Li-rich giants by a similar factor more on RGB in ascending phase including the bump compared to number of Li-rich giants at red clump region. Contrary to this, we found less than one third of the total Li-rich giants (about 106) outside the red clump box (see Figure-5a ). Some of these, about 16, are lying just above the red clump box which probably are either evolving off red clump phase towards early AGB or descending from RGB tip. Quite a few (about 16) appear to be located below L/L < 0.8 dex, at the base of the RGB. Probably, these may still be in sub-giant phase and their higher Li abundance may be due to in-sufficient mixing as they might not have experienced fully the 1st dredge-up phase. In this context, we would like to mention the recent discovery of a number of metal-poor sub-giants with Li abundances A(Li) ≥ 2.0 dex and in some cases exceeding ISM values (Li et al. 2018 ). There are also suggestions that Li excess seen in post 1st dredge-up on RGB giants probably originated from subgiants (Kirby et al. 2016) , though the origin of high Li in sub giants itself is not known yet. Though the number of Li-rich stars on RGB are less, it is important to know if they are really on RGB in ascending phase or they are misplaced in the HR diagram due to errors. One of the errors that could be specific to individual giants is extinction, which can affect the stars' brightness and hence its position in the HR diagram. In the present study, we have not taken into account the extinction in deriving luminosities, as the extinction values are not available for majority of the sample stars. Moreover, the corrections for most of the stars in the sample are small as the stars are nearby (d < 5 kpc) bright giants (with 9 ≤ m v ≤ 14). However, on scrutiny of extinction among Li-rich giants, we found the extinction values only for 269 Li-rich giants out of 335. Interestingly, most of the Li-rich giants that are below the bump have relatively larger extinction values compared to others. In Figure-5b , for Li-rich giants with extinction values are shown. Level of extinction is represented by the size of the symbol. If we correct m v values for extinction given in the Gaia DR2, many of the Li-rich giants that are below the bump on RGB move towards brighter clump box (Figure-5c ). Some of them also moved out of the clump box towards higher luminosities. Particularly interesting is the fact that there are no Li-rich giants at the bump and also below the bump. Though it is compelling to suggest, based on the current data as shown in Figure-5c , that Li-rich giants belong only to RC, we note extinction has not been applied to the entire sample as it is not available for majority of the sample. One thing that emerges from Figure-5 is that large number of Li-rich giants seems to be at RC even though evolutionary period of RGB is many fold longer than RC giants.
In Table- Figure-6a . With the exemption of two, all falls in RC region defined by turquoise color box. Of two, one is below the bump and the second is above the clump region. Interestingly, the super Li-rich giant that appears below the bump has much larger extinction (larger the symbol higher the extinction) value as shown in Figure-6b . Post extinction correction, the lone super Li-rich giant below the bump moves up into red clump box. After extinction correction, super Li-rich giants seems to fall in the center of RC region as shown in Figure-6c . Two of the giants also move slightly upward towards brighter side away from the central region of RC. The giants above the clump are not RGB but are slightly leftwards. Probably, they are either post-clump giants evolving toward early AGB or post He-flash giants. Most importantly, none of the super Li-rich giants are either at bump or even on RGB. Given the transient nature of Li enrichment and very high Li abundance of super Li-rich giants, the Li enrichment, most probably, would have happened very recently. Clustering of super Li-rich stars only at the clump, as revealed by the data shown in Figure-6 , is the most compelling evidence against external scenario for Li-excess origin. There is no reason to believe that the conditions for sub-stellar engulfment at RC are more favorable than at any other RGB phase. This clearly points towards in-situ scenario either at luminosity bump or its immediate preceding phase of He-flash at the RGB tip.
5.2
In-situ nucleosynthesis at luminosity bump versus He-flash
There are two likely phases at which nucleosynthesis and dredge-up of Li may happen: luminosity bump and He-flash at the RGB tip. Both the phases are associated with significant internal changes in the stars. It is at the bump at which H-burning shell moves upward and gets encroached by outer convective shell resulting in slowdown of stellar evolution which manifests as luminosity bump (Christensen-Dalsgaard 2015) . Also, it is at the bump H-profile discontinuity, a barrier for convective mixing, which gets removed and resumes mixing up of p − p-chain products with photosphere. Mixing at the bump, also known as extra-mixing, is attributed for rapid decrease in Li abundance and lowering of carbon isotopic ratios, 12 C/ 13 C (Gilroy 1989; Smiljanic et al. 2009 ). On the other hand, He-flash at the tip of RGB terminates RGB phase by removing electron degeneracy in the core (Iben & Renzini 1984) . Post He-flash, stars settle at red clump qui- Table 2 . Stellar parameters of Super Li-rich giants with Li abundance of A(Li) ≥ 3.2 dex in our sample. escently burning He at the core with outer H-burning shell before climbing up towards AGB.
There are a number of theoretical models dealing with extra mixing at the bump (Eggleton et al. 2008; Charbonnel & Lagarde 2010; Denissenkov & Merryfield 2011; Denissenkov 2012) . The models do suggest synthesis of Li via Cameron-Fowler mechanism in H-shell and somehow dredgeup with photosphere. The models were invoked with the presumption that Li-rich giants occur at the bump as reported by many observational studies (Charbonnel & Balachandran 2000; Kumar et al. 2011; Yan et al. 2018) . However, it is not clear how the same mechanism that is responsible for rapid depletion of Li is also responsible for Li enhancement. The lack of clarity on Li origin probably stems from the fact that evolutionary phase of Li-rich giants has not been identified without ambiguity. The reported Li-rich giants fall in a narrow luminosity range which overlaps both bump and clump regions. Difference between clump and bump values of luminosity and T eff are small, and many a times, they are within the measured uncertainties. This degeneracy even led to the suggestion that Li-rich giants may make zigzag motion and appear as clump or bump due to internal rotation (Denissenkov 2012). Let us tackle this issue using this large data set and evolutionary period argument, as it requires a large number of stars to define the luminosity bump.
Among 335 Li-rich giants, there are only 106 giants which appear outside the red clump. Only one third of these seem to be either at the bump or above the bump. The large concentration of Li-rich giants at RC suggests, probably, that the origin of Li enhancement lies at or post He-flash rather than at the luminosity bump. If Li enhancement occurred at the bump, the enhanced Li has to be sustained till RC which is quite unlikely given the deep convection post bump evolution. One would also expect significant number of Li-rich giants both at the bump and between bump and the RGB tip, because the evolutionary periods (see Table-1) of giants between the bump to RGB tip (100 Myrs) and the red clump (100 Myrs) are similar. This is not the case as shown in Figure-4 , as there is a factor of about four more Li-rich giants at the clump compared to those at the bump or post-bump evolution. One could make another argument against the bump as the site for Li origin based on very short Li depletion periods compared to evolutionary time of luminosity bump (see Palacios et al. 2001; Bharat Kumar et al. 2015) . The enhanced Li may deplete within 60% of the evolutionary period of the bump, i.e Li-rich giants may become Li-normal within a few million years which is much shorter than the evolutionary periods between the bump and RC. Based on this argument, it is reasonable to suggest that all the Li-rich giants are, most likely, in He-core burning phase rather than at multiple phases on RGB for Li origin. Of course, we need to have further studies to understand a minority of Li-rich giants that are outside of the RC region. This conclusion is also strengthened by the fact that all the presently known six Li-rich giants (e.g., Singh et al. 2019) that are in Kepler field are red clump giants. Data assembled in Figure-5 and Figure-6 suggests that most of the Lirich giants are at red clump which implicitly points towards He-flash, a major stellar event preceding red clump, for Li enrichment. However, we do not have much insight into the nucleosynthesis and dredge-up processes during He-flash, except a couple of studies to understand Li-rich giants at the red clump or the early AGB stars of J-type. For example, the study Mocák et al. (2011) deals with Li production during He-flash, but in case of very metal-poor giants. They show that the requirement of proton injection into the convective shell powered by He burning during He flash may not be met in the case of metal-rich giants as He-ignition occurs relatively farther away from the H-burning shell. For explaining large Li abundances in J-type stars, Zhang & Jeffery (2013) explored merging up of He white dwarfs (WDs) of different masses with the He-core of RGB giants and showed that they could produce observed values for certain combinations.
CONCLUSION
In this paper, we have searched for Li-rich giants among a large data set of red giant branch stars given in the GALAH catalogue for which the Gaia astrometry is available. We found 335 giants with A(Li) ≥ 1.80 dex, an abundance which is more than the maximum Li abundance expected from canonical stellar models for stars in the mass range of 1 to 1.5M . Among these, we found 20 super Li-rich giants with A(Li) ≥ 3.20 dex. This is the largest number of Li-rich giants ever reported in a single study. Values of Luminosity based on the Gaia parallax and T eff given in the GALAH suggest that majority of the Li-rich giants are red clump giants as defined in the HR diagram. Only a minority of them are outside it. About a dozen of Li-rich giants are found below the bump which may be sub-giants. The high Li in them may be due to insufficient mixing and dilution from its initial values. There are a couple of Li-rich giants which are above RC and leftwards of RGB, which may either be evolving off the red clump or just on their way to RC after experiencing He-flash at the RGB tip. A few Li-rich giants that seem to fall in the bump region as defined in the HR diagram needs to be studied further.
With the advantage of large data set with well defined evolutionary phases on RGB, we addressed the key issue of origin scenarios: external accretion versus in-situ nucleosynthesis. If the cause for Li excess is due to external accretion, one would expect Li-rich giants across RGB. However, disproportionately large concentration of Li-rich giants at a single evolutionary phase of red clump compared to those on RGB phase, between RGB base and its tip, suggest that external origin for Li enrichment is an unlikely scenario. Though the large data set provides compelling evidence that Li-rich giants may belong to RC with He-core burning phase, we cannot dismiss the possibility of a few Li rich giants on other phases on RGB with different sources of Li enhancement. To firmly establish whether there is single or multiple sites on RGB for Li origin, it is important to conduct further studies such as asteroseismic analysis and detailed abundance studies of all the known Li-rich giants.
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